Abstract An algorithm is described that was initially developed as a simple method for patching and extending observed time series of daily streamflow. It is based on the use of 1-day flow duration curves for each month of the year and on the assumption that flows occurring simultaneously at sites in reasonably close proximity to each other correspond to similar percentage points on their respective duration curves. The algorithm has been incorporated into a model that allows flows at a destination site to be estimated from flows occurring at several source sites. The model has been applied to six groups of catchments within southern Africa and the resulting streamflow simulations compare favourably with those obtained using a semi-distributed, physically-based, daily time step rainfall-runoff model. The current limitations of the approach and its future potential value are discussed.
INTRODUCTION
It has been a South African engineering tradition to use mainly monthly streamflow characteristics as a basis for water resource development and management decisions. One of the results of this tradition is the widely used set of Surface Water Resources of South Africa volumes (Middleton et al., 1981 , for example) which provide observed and simulated monthly streamflow time series and
Open for discussion until 1 June 1997 other characteristics (seasonal distributions, flow duration curves, deficient flow frequency curves, etc.) for a large number of sub-divisions of the whole of South Africa. The smallest sub-divisions are referred to as quaternary catchments and their size varies from 30 km 2 to several hundred km 2 , depending on their location, but are much larger in the more arid parts of the country. The study has recently been updated (Middleton etal., 1993) and the new information is available in both text and electronic formats. It can therefore be stated, with reasonable confidence, that monthly flow characteristics at an acceptable level of accuracy are available for the complete country at the quaternary catchment scale.
An increase in the attention paid to water quality, environmental and ecological considerations in water resource management has led to the perception that more detailed flow information is often required and a demand for analyses based on daily streamflow data. In the context of southern Africa, there are many large river basins within which daily flow regimes can be characterized at a number of sites based on observed data from streamflow gauging stations. However, there are a number of problems related to analysing basin-wide daily flow regimes and determining spatial variations from the available observed data: (i) many of the available time series have gaps due to missing data; (ii) the time series from different sites within the basins are rarely coincident in time and may represent different sequences of dry and wet climatic conditions; (iii) the time series at any site may be non-stationary due to time variant land use effects or water abstraction patterns; and (iv) critical points of interest within the basin may not be represented by a gauging site. There are several possible approaches that could be adopted to address these problems, but they are not necessarily independent or mutually exclusive and it is likely that no single approach will adequately, or optimally, address all problems. Several possible approaches and their advantages and disadvantages are briefly outlined below. 1.
Use available monthly streamflow time series (observed and/or simulated) and develop a disaggregation method to determine daily flow characteristics. This has the advantage of adding value to the extensive work that has already been completed on the regionalization of monthly flow characteristics. However, the best that may be achieved is a characterization of the frequency distribution of daily flows within a month, but it is more difficult to generate realistic sequences of daily flows. This may be restrictive where several sites within a single basin are being considered together and the time coincidence of certain flows (peaks, for example) is important. 2.
An alternative similar to 1. is to use a monthly simulation model to generate a monthly time series. This approach could be useful where information is required at the sub-quaternary catchment scale and the Surface Water Resources of South Africa provide guidelines for quantifying parameter values of the widely used Pitman model (Pitman & Kakebeeke, 1991) at ungauged sites. It should be possible to incorporate non-stationarity due to time variant water or land use patterns into the simulated time series. However, the same disadvantages related to the application of any disaggregation method referred to in 1. would apply. A further disadvantage is that the successful application of the Pitman model relies upon the availability of adequately representative observed rainfall and evaporation data. 3.
Use a daily time series simulation model. Several such models have been used within South Africa with different degrees of success Schulze, 1991) . The assumed approach would be to establish the model parameter values for all gauged sites within the basin through calibration and validation studies and then to transfer parameter values to ungauged sites of interest. Such an approach has most of the advantages of the monthly simulation method, but suffers from the distinct disadvantage that the calibration of a daily model frequently requires greater resources of time and effort to achieve a satisfactory simulation. The requirement of adequate rainfall and evaporation input data assumes even greater significance in daily modelling.
4.
Develop some form of spatial interpolation approach that uses the available observed streamflow records. The simplest example of such an approach might be straightforward weighting of observed streamflow at a gauged site (or sites) by the ratio of the catchment areas of the site of interest and the gauged site(s). One of the critical aspects of such an approach is that streamflows at even closely adjacent sites are rarely linearly related to catchment area. The larger the catchments and the greater the distance separating them, the greater the probability that the streamflows are the result of different meteorological events or runoff generation processes, reducing the likelihood of success of simple spatial interpolation methods. This is particularly true in the South African context where many rainstorms are convective in origin and of small spatial extent. Some of the problems associated with this type of approach are related to the possible existence of trends, or non-stationarity, in the actual streamflow at the required site or at the stations used for interpolation. It may therefore be necessary to naturalize all streamflow records before the interpolation process is started; not an easy task in most cases. Additional problems could result if some of the available observed records have truncated peak flows due to limited range stage-discharge relationships. This is particularly relevant to the South African situation where many streamflow monitoring sites are based on weirs or flumes which are not calibrated for the full range of observed peak flows. Despite the limitations, such approaches are simple to use and could be valuable tools if the interpolation algorithms satisfactorily account for non-linearities in the relationship between streamflows at different sites.
This paper outlines one possible approach that falls into the latter category and that was developed to patch missing data and extend observed records. The motivation for developing the technique was initially related to the need for time series that are coincident in time. These could then be used to determine representative measures of flow characteristics for a number of sites within a single basin.
SPATIAL INTERPOLATION ALGORITHM
In an attempt to account for some of the non-linearities in streamflows at different sites, even within similar parts of the same basin, the spatial interpolation algorithm has been based on the daily flow duration curves for each month of the year. The first step in the procedure is to generate tables of discharge values for each site and month of the year for 17 percentage points of the flow duration curves (DTQ t , where / = 1 to 17 corresponding to 0.01, 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99, 99.9 and 99.99%) . Up to five possible source stations are then identified and each assigned weights (Wj, j = 1 to 5) associated with the degree of similarity between these flow regimes and the destination site (the one to be patched or extended). An estimate of the streamflow on any day at the destination site is then made by identifying the percentage point position (DPj) on the duration curve table (for the relevant month) of the streamflows on the same day at the source sites (QS)
Destination Observed Destination Estimated

Jan Feb
Days (during early 1964) % Time Exceeded Fig. 1 Illustration of the patching algorithm for Swaziland catchment SW1 with a single source station. The upper left diagram shows the estimated values for the whole of January for the destination station. and reading off the flow value (QDJ) for the equivalent percentage point from the destination site's duration curve table. The procedure is illustrated in Fig. 1 for a single source site.
Each estimate of the destination site flow value (QDj) is then multiplied by the source site weight (Wj) and the sum of these values divided by the sum of the weights. If any of the source sites have missing data then these are ignored for those periods.
QD = KQDjXWp/lWj
(1)
For source streamflows lying between the 17 defined percentage points of the duration tables (DTQ t ), logarithmic interpolation is used to define the position. Thus:
where DPj is the duration (2) = 0). The position (DP) is assumed to lie halfway between the two points.
The use of several source sites is an attempt to account for the fact that a destination site time series may be the result of several influences, which may not be reflected in a single source site time series. In addition, part of an individual source site time series may be missing and the use of several will decrease the number of missing values in the estimated destination series.
The algorithm forms the main part of a time series model, one of several that are included in the HYMAS (HYdrological Modelling Application System) software package developed at the Institute for Water Research . HYMAS also contains common facilities for preparing time series data, establishing and editing parameter values, generating flow duration tables, as well as a wide range of utilities to examine, print and further analyse observed or simulated time series. These utilities include generating time series graphs, plotting scattergrams of variable pairs and calculating comparative statistics and the derivation of a range of flow regime indices, particularly related to low flows.
In the case of this "patching" model the parameters for each destination site are the catchment area, the site number of up to five source sites and their weighting factors. The output from the model consists of raw observed flow data (including missing data periods), "patched" observed flow (no missing data) and what is referred to here as the "substitute" flow time series. The latter represents estimated values regardless of whether the original observed flow was missing or not and allows the patching process algorithm and associated choice of source sites and weights to be evaluated by comparing them with the original observed data in a similar way that observed and simulated series are compared in conventional modelling approaches. The selection of suitable source sites and the quantification of weights could be based on a detailed spatial correlation analysis, but in practice, the choice is frequently limited and/or obvious. The graphical display facilities allow observed series to be visually compared to assist in the selection of source sites and the model is quick and simple to run such that the best weighting factors to use can be determined through trial-and-error type calibration.
This approach has been applied to a group of stations and the results compared with those generated from calibrating the VTI model operating with a daily time step, which represents a more resource intensive alternative to generating extended time series. The model is semidistributed, incorporates two soil layers as well as surface-groundwater interactions and attempts to simulate all the normally recognized sources of runoff (intensity and surface saturation excess runoff, saturated sub-surface soil runoff, groundwater re-emergence as springs or through intersection of the water table with the ground surface), as well as the other components of the catchment water balance. A complete description is provided in .
EXAMPLES FROM SOUTHERN AFRICA
Six groups of catchments, drawn from different regions within Southern Africa (Fig. 2) , have been used to illustrate the potential of the patching algorithm and to identify some of the limitations of the method. Table 1 lists the catchments used, their areas and the length of record available for analysis. Figures 3(a) and 3(b) provide comparisons between the degree of correspondence between observed and simulated (by the patching algorithm and the VTI model) daily flows using two statistics, coefficient of determination (R 2 - Fig. 3 (a)) and coefficient of efficiency (CE - Fig. 3(b) ). In some cases, short lengths of comparative time series data as well as duration curves were used to further illustrate specific points. There is insufficient space to report fully on the approaches used to calibrate the VTI model. In general terms the model was calibrated using part of the available time series and then the validity of the final parameter set checked using the remaining period. The initial selection of source sites and weighting factors for the patching algorithm was based on a qualitative assessment of the degree of similarity between flow regimes, facilitated by the HYMAS time series display routines. The initial selection and weights were then modified, where necessary, to obtain improved correspondence between observed and simulated flows at the destination sites.
Port Elizabeth 
Southern Cape catchments
Four gauged catchments are located within the Southern Cape Coastal Lakes region which is bounded to the north by the steeply sloping Outeniqua Mountains and to the south by a system of interconnected lakes separated from the sea by relic sand dunes. The four catchments are closely adjacent to each other but the gauges are located at different distances from the headwater areas in the mountains (Table 1 ). The gauged part of the Karatara (SCI) is within the headwater areas, the Diep (SC2) includes the foothills zone, the Touw (SC3) is at a lower point and includes part of the coastal plateau while the Hôekraal (SC4) is gauged close to the coastal lakes and represents the full range of characteristics found within the region. Flow records begin during the 1960s and extend to the present day. However, none of the gauging stations is able to measure the full range of flows experienced. Rainfall data were available at some 12 stations either within, or close to, the catchments. However, some parts of the catchments are poorly represented, particularly in the more remote mountain areas. The observed flow records were expected to be non-stationary to a certain degree, due to changing patterns of water use related to agricultural practices. However, these influences were relatively minor, except within the Hôekraal catchment and were difficult to detect within the natural climatic variations.
Figures 3(a) and 3(b) suggest that the VTI model has been more successful than the patching model in this region. Figure 4 (SC3) illustrates that this was partly due to excessive overestimation of the higher flows by the patching algorithm. Examination of the complete time series suggests that some high flows were simulated when none occurred in the observed record and some observed high flows were under-simulated. The same applies to the VTI model simulations, but to a lesser extent and can be partly attributed to the inadequacy of the rainfall input. In the Touw example, none of the available raingauges was within the catchment and some observed flow events occurred at times when there was no observed rainfall to account for the increase in streamflow. Although the rainfall was not generally very variable spatially, there could be quite large differences during individual events (Hughes & Wright, 1988) . The implication is that during some events, even closely In all the catchments the VTI model tended to generate somewhat more sustained dry weather flows (below the 95 % exceedence level) than occurred in reality, whereas the patching algorithm reproduced these flows more accurately. The implication is that relatively small abstractions were not accounted for by the VTI model.
The annual duration curve for the Hôekraal is more or less flat from the 1% to the 0.01% point due to the severe limitations of the gauging structure. However, one day in each month of the complete observed time series represents greater than 0.1% exceedence and the 0.1 and 0.01% points have to be estimated by extrapolation. If the maximum recorded flow occurs quite frequently in some months, the duration curve extrapolation procedure used generates a flat curve right up to 0.01%. In contrast, if such flows occur less often in a month, the curve is still quite steep in the 5% to 0.1% part and extrapolation gives a 0.01 % value which could be substantially higher than the maximum recorded flow. The patching algorithm can therefore produce estimated flows for some months which are greater than the gauge limits. It may therefore be necessary to examine critically the upper extremes of the calendar month duration curves before using them, particularly in situations where the period of record is relatively short and gauging structure limitations exist.
Swaziland catchments
Two groups of Swaziland catchments were included in the analysis. The first is situated in the northern part of Swaziland (Mbuluzi, Fig. 2 ) and consists of two gauging stations on the Black Umbuluzi (SW1 and 2) above Mnjoli Dam and one on the White Umbuluzi (SW3), an adjacent catchment to the south. Three raingauges were available for defining the input to the VTI model for both the Black and White Umbuluzi, but none were in ideal locations. In general terms there is a gradient in mean annual rainfall from about 1100 mm in the Black Umbuluzi headwaters to less than 800 mm close to the outlet of the lower catchment. It is unlikely that the available data are able to define adequately the variability of rainfall on a daily basis. The results provided for the VTI model simulations in Fig. 3 suggest that this was particularly true for the White Umbuluzi (SW3) and examination of the rainfall, observed and simulated streamflow time series suggests that some major runoff events occurred at times when very little rainfall was recorded at the raingauges on the boundary of the catchment.
The time series patterns of streamflow at the two Black Umbuluzi gauges (SW1 and 2) were similar and it is reasonable to suggest that a large proportion of the runoff at the lower site was generated in the mid to upstream areas represented by the upper gauged catchment. This may account for the relatively better results for the Black Umbuluzi (upper used to patch the lower and vice versa), than for the White Umbuluzi (both Black Umbuluzi catchments used as source stations). Figure 5(a) illustrates the relative patterns of streamflow response at the gauging sites for three months of the wet season in 1970, while Fig. 5(b) compares the observed response at the White Umbuluzi site with the simulations by the two models. One of the characteristics of the White Umbuluzi appears to be a less sustained baseflow response (days 60-110) relative to the other sites, which was not reproduced very well by either of the two models. Owing to the flatter recessions after the main event (days 50-60), the secondary events close to days 75 and 95 were at relatively high positions on the two Black Umbuluzi duration curves. The consequence of the steeper recession on the White Umbuluzi is that the patching algorithm tended to overpredict the secondary events for this catchment.
The second group of catchments (Mhlatuze, Fig. 2 ) are close to the southern border of Swaziland and comprise two gauges on the Mhlatuzane River (SW4 and 5) and one each on the Mhlatuze (SW6) and Ngwavuma Rivers (SW7). The amount of rainfall data available for calibrating the VTI model was as limited as for the northern group of catchments and must have been at least partly responsible for the poor coefficient of efficiency values resulting from the VTI model application (Fig. 3(b) ). The patching algorithm generated overall better results, particularly with respect to the one-to-one fit for individual days, despite the fact that some of the means and standard deviations were not as close to the observed as the VTI simulations. 
Sabie catchments
The Sabie River basin is located in Mpumalanga Province, flows into the Limpopo River and falls within the summer rainfall region of South Africa (Fig. 2) . The upstream areas, situated in a mountainous region, receive relatively high rainfall (1000-1600 mm year" 1 ) and are largely afforested by commercial timber plantations. The downstream reaches flow through the Kruger National Park where the mean annual rainfall decreases to about 600 mm. The majority of the flow gauges are located in the upstream parts of the Sabie catchment where most of the runoff is generated, while the lower parts are rather poorly gauged (Fig. 6 ). The quality of available flow records was not always good and most of the stations had missing data and low discharge table limits during at least part of their record periods. In general terms the three closest gauges were used as source stations for the patching method with weighting factors largely related to the distances separating them from the destination stations and no attempt at calibrating the weights was made at this stage.
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, 31 32 30 31 32 Fig. 6 Location of the Sabie catchments.
The results for gauge X3H001 (SB1) were broadly similar for both approaches, with the VTI model somewhat better in the low-flow domain. For gauge X3H006 (SB2) the patching procedure appeared to yield slightly better results, partly due to the fact that the VTI model simulated peaks in excess of the measuring limit (exceeded 0.1% of the time) while patching did not. The VTI model also frequently overestimated intermediate sized events (Fig. 7) , but low to moderate flows were reproduced equally well by both approaches (Fig. 8) . Relatively high values for the selected statistical criteria based on untransformed flows (Fig. 3) indicate a good performance of the patching algorithm for gauge X3H011 (SB3), but the results based on log transformed flows suggest that the patching algorithm was less effective for low-flow representation. The record period at X3H021 (SB4) was too short (October 1990 to July 1993) to allow representative flow duration curves for each month to be properly constructed. Consequently, the patching algorithm generally appeared to underestimate flows throughout the whole range and resulted in a relatively low CE value. It is also possible that the rainfall characteristics over the incremental catchment area, between X3H021 and the upstream stations used for patching, were different from those over the upstream parts of the catchment. The VTI model does not suffer from these limitations and generated better results.
Station X3H015 (SB6 -not simulated with the VTI model) also had a relatively short record (1987) (1988) (1989) (1990) (1991) (1992) (1993) and the discharge table limit was exceeded approximately 0.8% of the time. The results appear to be acceptable (R 2 = 0.78, CE = 0.77) given that all the source stations had relatively poor quality records and are located far away from the site.
Station X3H008 (SB7 -not simulated with the VTI model) was the only one available on the Sand River. Its record contained many missing data periods and the discharge table limit was very low and exceeded about 3 % of the time. The algorithm gave reasonable results (R 2 = 0.71, CE = 0.68) given the limitations of the available data. The source gauges in this case were X3H011 and B7H004 (located outside the Sabie basin and just north of the Sand River). Although gauge B7H004 is beyond the boundaries of the whole Sabie basin, it was accepted as being reasonably representative of the upper portions of the Sand River catchment. The fact that the patching algorithm produced a relatively good fit to the untransformed observed values indicates that the simulated record also had limitations with respect to the representativeness of high flows.
Central Tugela catchments
The Tugela catchment is situated in KwaZuLu-Natal Province, has its source in the Drakensberg Mountains with occasional peak altitudes over 3000 m and flows eastward to the Indian Ocean near Durban. The total catchment area exceeds 29 000 km 2 and the mean annual runoff is about 4000 x 10 6 m 3 . The density and quality of the daily flow records in the middle reaches of the Tugela were very limited, all the major tributaries were not gauged at their outlets and only two stations (V6H007 and V6H002) existed on the Tugela itself (Fig. 9) .
Gauge V6H007 had a short 5-year record but the observed range of flows seemed to be representative as the period covered dry, medium and wet years. Gauge V6H002 had recorded flow from as early as 1927 but the record prior to 1978 was unreliable (Vaal Augmentation Planning Study Report, 1994) and even later observations had an error band of up to 30 %. Low flows in particular were found to be overestimated at V6H002 since it recorded higher flows during the dry months (April-August) than gauge V5H002 (downstream) and much higher flows than gauge V6H007 (upstream - Fig. 9 ). The other adjacent upstream gauges had reasonably long and reliable flow records, with high discharge table limits and rare missing data. Nevertheless, the distances between these upstream stations and gauges V6H007 and V6H002 were large and flow sequences could be expected to be quite different, creating difficulties in the selection of the source stations for V6H007 and V6H002. V6H002 would normally have been used as the main source station for V6H007, However, since V6H002 had frequent missing data the resultant substitute flow at V6H007 would be incomplete. It was thought that the immediate upstream gauges probably had an approximately equal effect on the substitute runoff at the destination site, V6H007 (TGI). Several combinations of source stations and weights were tried and the best results (Figs 3 and 10) produced by using four upstream gauges (V6H004, V1H038, V1H001, V1H020) together with the downstream gauge V6H002 (all having equal weights).
The record at V6H007 was too short to be useful on its own for patching V6H002 (TG2). The same combination of source stations and weights as for V6H007 was used to generate substitute flow at V6H002 (with gauge V6H007 replacing V6H002 as a source site) and the results also appeared to be good (Fig. 3) . However, given that the observed data were known to overestimate real flows, the patched and extended time series were similarly deficient.
The VTI model was applied to the incremental area between gauge V6H002 and all immediate upstream gauges (Fig. 9) for a period from 1978 to 1988. The missing data periods at each of the upstream gauges had been % Time Exceeded Fig. 10 1-day annual flow duration curves (observed and simulated) for gauge V6H007, Tugela River, based on data for hydrological years 1982-1987. previously patched from one of the adjacent stations to ensure continuous records of upstream inflow to the model. The resulting statistics for V6H007 were favourable, although medium to low flows were overestimated (Fig. 10 ) which was expected since the model was calibrated mainly against the record at V6H002 which was understood to overestimate flow.
A good example of a problem area is represented by V6H003 (TG3) and V6H004 (TG4). The application of the VTI model to both catchments produced rather poor results, largely as a consequence of a lack of observed rainfall data in the vicinity of the catchments. The application of the patching algorithm to both gauges also resulted in limited success. The problem was attributed to the fact that the temporal distribution of rainfall events in both catchments and the resultant flow sequences were very different. At the same time these two flow gauges were located in that part of the Tugela catchment which was very poorly gauged. The selection of source stations was very limited and the two stations could only be patched from each other.
Koonap catchments
These catchments are situated in the Eastern Cape Province of South Africa and drain the mountainous areas of the Winterberg, eventually flowing into the Great Fish River. The upper areas are represented by station Q9H016 (KN1) and experience on average about 800 mm rainfall a year. Rainfall over the lower areas is about 550 mm year 1 and a lower gauging station occurs at Q9H002 (KN2). The downstream increase in aridity coupled with the existence of irrigation abstractions and channel transmission losses to alluvial material has had the effect of ensuring that the lower gauging site had a much higher percentage of zero flow days (71% -based on the annual duration curve) compared to the upper site (15%). Given the relative complexity of the hydrology of this catchment, the VTI model appeared to have performed reasonably well (Fig. 3) . The results of applying the patching algorithm are broadly similar to the VTI model results, with different statistics favouring different approaches, but in general terms the patching approach worked better for the lower gauging station (KN2) and the VTI model better for the upper (KN1). The latter conclusion is largely based on the one-to-one correspondence between observed and simulated untransformed flows and can be partly attributed to the nature of the duration curves. When the lower station was used to patch the upper, a zero flow day at the source station could correspond to a fairly wide range of possible flows at the upper station. However, in the absence of further information, the estimated destination flow will always be the same for each month of the year. When the upper station was used to patch the lower, the same problem did not occur as a wide range of source flows above zero would correspond to a zero destination flow. The conclusion must be that, in similar situations, an upstream gauge may be successfully used to patch a lower station, but caution must be exercised if the reverse is to be attempted. If they are available, the use of additional gauging sites, outside the basin but in similar upstream locations, could solve the problem.
Botswana catchments
Two rivers flowing into the endoreic area of Sua Pan, part of the Makgadikgadi Pan system of semiarid east central Botswana were used to assess the usefulness of the patching algorithm in arid catchments. The topography is very flat with vegetation cover consisting of sparse to moderately dense bush. Rainfall is of the order of 420-480 mm year 1 with most falling between November and March. Hughes (1995) demonstrated that the application of rainfall-runoff models to these catchments is difficult due to inadequate representation of the spatial and temporal variability of the rainfall input and the difficulties associated with representing some of the channel runoff processes. Figure 3 illustrates this point for the Mosetse catchment, where despite achieving a reasonable fit over a calibration period of five years (BS1) using the VTI model, the statistics for the complete 17 year (BS2) period were not acceptable.
While the patching approach did not perform any better from the point of view of one-to-one correspondence, the simulated means and standard deviations were an improvement on the VTI model results. Figure 11 also illustrates that, except for some of the "low flows", the patching algorithm generated a time series that was somewhat more representative with respect to most of the range of flows than the VTI model. 
CONCLUSIONS
In general terms, the patching algorithm performed at least as well as the VTI model. This is an important conclusion given the large disparity between the effort required to apply the two techniques. The patching algorithm is a simple approach with a limited "parameter space"; there are normally few source gauges available to choose from and it does not take a great effort to quantify optimum weighting factors. After calibrating the choice of source gauges and associated weights, the approach either provides satisfactory answers (e.g. Tugela, TG2) or it does not (e.g. Tugela, TG3) and the reasons why are normally clear. In contrast, relatively complex deterministic models have a large "parameter space" and high information requirements, which if not adequately met, may either produce poor results or, at best, confuse the calibration procedure. The larger "parameter space" suggests that greater resources are required to achieve a satisfactory result and it is not always clear when an optimum result has been achieved. When deterministic models do not produce satisfactory results, the reasons may be related, inter alia, to inadequate input rainfall data, inadequate catchment description data, poor calibration procedures or inadequate model formulation. Any or all of these may be contributing and to differing degrees, while in the simpler patching algorithm, the reason is simply the lack of suitable source time series. Although the patching algorithm was initially established to patch and extend observed records, it appears that it also has some potential additional value. There are, however, a number of issues that have to be addressed if the patching algorithm is to realize its true potential as a simple tool for daily streamflow estimation. Most of these issues relate to being able to establish satisfactorily representative 1-day duration curves for each month of the year. For example, if the destination site record is short and covers only a sequence of dry years, the duration curves will not represent the full range of flows that would occur over a longer period of observations. If these curves are then used with longer period source records, the resultant extended record will inevitably underestimate the destination site's flow regime. The opposite (overestimation) could possibly apply if the destination site record covers only a sequence of wet years. Therefore some of the problems experienced with the patching approach were related to the length of the observed record available to define the duration curves and others to the quality of the observed data, particularly with respect to high flow measurement. Although not addressed in detail, a further problem arises where a high degree of non-stationarity exists within the observed flow data caused by changing patterns of land use or artificial water abstractions.
For the patching algorithm to be considered a useful tool, all these issues need to be resolved and techniques developed to correct, or adjust, the duration curves of both source and destination stations to account for errors, underrepresentation or non-stationarity in the observed flows. The natural extension of such techniques would be procedures to establish representative duration curves at ungauged sites and use suitable surrounding observed data to simulate time series where no observed data exist. Such representative duration curves could possibly be derived through regionalization of curves constructed from existing observed daily flow data.
Monthly time-step modelling techniques have been used extensively for simulating monthly flow volumes at ungauged sites in the southern African region (Middleton et al., 1993; Hughes, 1995) . If a suitable technique to translate duration curves based on monthly flow volumes to daily duration curves could be established, then the proposed patching algorithm could be used together with a limited amount of observed daily flow data to generate daily time series at ungauged sites.
